Introduction
Coronary heart disease and stroke are dominant causes of death in South Asian populations in the UK, and the rates are even higher than in the white population. As a major cardiovascular risk factor, hypertension needs to be carefully managed in South Asian populations. There is a perception that, in South Asians, blood pressures are comparatively high. Studies in the UK on differences between South Asian and white populations in blood pressure and prevalence of hypertension
Methods

Search strategy
EMBASE and MEDLINE searches identified the papers published from 1980 to 2001 and 1966 to 2001, respectively. Medical Subject Heading (MeSH) 'Asians', 'South Asians', 'Indians', 'Pakistanis', 'Bangladeshis' or 'ethnic minority population' were combined with blood pressure and hypertension. The search was limited to the United Kingdom and papers published in the English language only. We included studies that reported blood pressure and/or prevalence data on samples of South Asian adults in the community in comparison with a white or general population. All studies based on clinically selected patients and on children were excluded. The reference list of all known primary studies and review articles was scrutinised and additional relevant citations were identified. Totally, 12 studies were examined. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] One author 10 supplied unpublished data.
Study selection and data extraction
Of the 12 papers included in the final analysis, 11 were cross-sectional surveys, most in community settings but some in occupational settings. Whitty et al 12 reported cross-sectional data from a cohort design. One study was designed specifically to focus on blood pressure levels and prevalence of hypertension, 3 the rest had broad aims. As given in the paper, 95% confidence intervals and P-values are reported. Mean systolic and diastolic blood pressures of the total study sample in one study were calculated as the results were based on age-specific groups. 3 
Results
Methods of the reviewed studies Table 1 shows that most reports relate to the 1980s and 1990s and that 11 of the 12 studies were carried out in England, six in and around London. [4] [5] [6] [7] 10, 12 Four study [4] [5] [6] 10 samples were based on general practices lists. Two studies 3, 8 were factory based, two were from the health surveys for England, 13, 14 one was based on postcode sectors, 9 one was based on office staff, 12 one was based on a health authority register used for a health and lifestyle survey, 11 and one was general practice and factory based. 7 Most studies had broad aims relating to a range of cardiovascular risk factors. Name analysis, [7] [8] [9] [10] [11] selfreported origin, 3, 6, 8, 11, 13, 14 country of birth, [5] [6] [7] and parental origin 6, 11 were the usual indicators of ethnicity. The age range varied widely. Most studies assessed blood pressure levels and prevalence of hypertension in men and women separately, but a few only studied men. 3, 5, 8 Response rates varied widely from 60 14 to 83.4%. 8 The largest, most representative and most up-to-date study was the Health Survey for England 1999. 14 Table 2 shows that blood pressure was measured in three studies in hospital clinics, 4, 10, 11 one study in a health center, 6 four studies in participants' own homes, 5, 9, 13, 14 one study in a work place and hospital clinic, 7 and three studies in a workspace. 3, 8, 12 In six studies, participants' blood pressures were measured with a random zero sphygmomanometer. [3] [4] [5] [6] [7] 9 Bhopal et al 11 5, 10 The readings reported varied. For instance, three studies measured blood pressure twice and used the mean systolic and diastolic of the two readings, 5, 11, 12 three studies 10,13,14 measured blood pressure thrice and used the average of the last two readings, whereas in other studies either the first 3 or the second 8 reading was taken for the final analysis. Two studies 5, 9 published actual mean systolic and diastolic blood pressures, one study published age-adjusted median systolic and diastolic blood pressures, 7 and the rest of the studies published age-adjusted mean systolic and diastolic blood pressures. 3, 4, 6, [8] [9] [10] [11] [12] [13] [14] In seven of 12 studies, mean systolic blood pressure was lower in South Asian men than in white men. 3, 4, 8, 9, 11, 12, 14 In four studies, systolic blood pressure was higher in South Asian men than in white men. [5] [6] [7] 10 In the Primatesta et al 13 study, South Asian men aged 16-39 years had lower systolic blood pressure than white men, and those aged 40 years and above had higher pressure than white men. Seven of 12 studies showed higher mean diastolic blood pressure levels in South Asians compared to whites. 3, 5, 7, 9, 10, 12, 13 Two studies reported lower mean diastolic blood pressures in South Asians than in whites 4, 11 and one study reported the same levels. 6 In Karlsen et al, 14 the agestandardised ratio of mean diastolic blood pressure was higher in Indian men but lower in Pakistani and Bangladeshi men than in the general population. In Bhopal et al, 11 Pakistani and Bangladeshi men had much lower blood pressure than Indians. Four studies 3, 8, 11, 14 that had a representative sample of the adult population reported either lower or same blood pressure levels in South Asian men compared to white men.
Mean blood pressure levels
Nine studies reported on women. 4, 6, 7, [9] [10] [11] [12] [13] [14] In six of nine studies, the mean systolic blood pressure was lower in South Asian women than in white women. 4, 6, 9, [11] [12] [13] Two studies reported higher mean systolic blood pressure in South Asians than in whites. 7, 10 In Karlsen et al, 14 the agestandardised ratio of mean systolic blood pressure was lower in Bangladeshis and Indians but higher in Pakistanis compared to the general Blood pressure of South Asian adults in the UK C Agyemang and RS Bhopal population. 7, 9, 10, 12, 13 For diastolic blood pressure, five studies reported higher levels in South Asians than in whites, and three studies reported lower levels in South Asians than in whites. 4, 6, 11 Prevalence of hypertension Table 3 shows 10 studies that reported on the prevalence of hypertension using various cut off points. 3, 5, 6, [8] [9] [10] [11] [12] [13] [14] Most of the studies that assessed the prevalence of hypertension reported on a cut off point of systolic blood pressure of 160 mmHg or more and/or diastolic blood pressure of 95 mmHg or more, and defining as hypertensive those receiving hypertension treatment. 5, 9 where it was unnecessary because of age matching, all studies standardised their prevalence rates for age. In five of 10 studies, prevalence rates were higher in South Asian men than in white men. 5, 6, [8] [9] [10] Two studies reported lower prevalence rates in South Asian men than in white men. 3, 11 In Primatesta et al, 13 the prevalence rate was lower in the 16 to 39-year group but higher in the 40 and above year group compared to the white population. In the Karlsen et al study, the observed prevalence of hypertension was lower in South Asian groups than in white groups. However, after adjusting for the effects of age and presenting data in the form of relative risk ratios (comparing each subgroup to the overall general population), the agestandardised risk ratios were lower in Bangladeshi and Pakistani men and higher in Indian men than in white men. 14 Six studies reported on women. 6, [9] [10] [11] 13, 14 Of these, two reported higher prevalence rates in South Asians, 10, 11 one reported the same rates, 9 and two reported lower rates in South Asian women 6, 13 compared to white women. Bhopal et al 11 found the prevalence in Bangladeshi women to be much lower than in Europeans. In the Karlsen et al study, the observed prevalence rates were lower in South Asian groups. However, after the effects of age have been controlled for, the age-standardised risk ratios were higher in Pakistani and Indian women but lower in Bangladeshi women compared to white women.
14 One study result was based on men and women combined and reported higher rates in South Asian populations than in white population. 12 Sex differences were not taken into account. Table 4 shows that in four of six studies in London, [5] [6] [7] 10 mean systolic blood pressure was higher in South Asian men than in white men. Also, four of six studies 5, 7, 10, 12 reported higher diastolic blood pressures in South Asian men than in white men. Four of six studies 5, 6, 10, 12 reported on prevalence rates in London. Of these, three studies 5,6,10 reported higher prevalence rates in South Asian men. By contrast, all the four studies 3, 8, 9, 11 in cities outside London reported lower mean systolic blood pressure in South Asian men than in white men.
Regional variations
Five studies 4, 6, 7, 10, 12 in London included women. Of these, three studies 4, 6, 12 reported lower and two studies 7,10 reported higher mean systolic blood pressure in South Asian women than in white women. For diastolic blood pressure, three studies 7,10,12 reported higher and two studies 4, 6 reported lower levels in South Asian women compared to white women. Both studies 9, 11 in cities outside London reported lower systolic blood pressure in South Asian women than in white women. Table 5 shows, in studies ranked by South Asian sample size, body mass index (BMI), waist-to-hip ratio (WHR) and mean difference in systolic and diastolic blood pressures. The Health Survey for England 1999 14 and Bhopal et al 11 provided data on several South Asian subgroups. Totally, 10 studies reported on BMI 4-11,13-14 in men. With one exception in which BMI was higher in Indian and Pakistanis, 11 all studies reported lower BMI in South Asian men. Six studies reported on WHRs, 6,7,9-11,14 and all reported higher levels in South Asian men except the Williams et al study 9 in which the level was lower in South Asian men. In contrast to South Asian men, six of eight studies on women 6,7,9-11,13,14 reported higher levels in South Asian women compared to whites, the exceptions being Bangladeshis in Karlsen et al 14 and McKeigue et al 4 in which BMI was lower. Six studies reported on WHRs and all reported higher values in South Asian women. 6, 7, [9] [10] [11] 14 The mean difference in systolic and diastolic blood pressure varied widely. The mean systolic difference was particularly marked in Bangladeshi men and women, being 10.3-17.0 mmHg lower compared to whites. These patterns of blood pressure were partly associated with BMI, the fit being better in men than in women. For example, Karlsen et al 14 reported lower BMI and lower blood pressures in South Asian men. In women, the BMI was higher in Indian and Pakistani women but blood pressure was lower.
Anthropometry data and mean difference in blood pressure
Discussion
Key findings
Most studies reported lower mean systolic but higher diastolic blood pressures in South Asians in both men and women compared to whites. For 
Blood pressure of South Asian adults in the UK
C Agyemang and RS Bhopal prevalence of hypertension, most studies reported higher rates in South Asian men compared to white men. Prevalence rates in South Asian and white women showed inconclusive results. Both mean blood pressure and the prevalence of hypertension data show important differences between South Asian subgroups, 11, 14 yet most studies combined them as one homogeneous group. The data also shows a geographical variation between the London area (comparatively high blood pressure in South Asian men) and the rest of the UK (comparatively low or similar blood pressure). While the lower blood pressure in Bangladeshis was associated with lower BMI, differences in obesity clearly did not account for much of the ethnic variation.
Three studies [15] [16] [17] on adults, which were excluded from this review because they were based on clinically selected patients study, reported lower blood pressure levels in the South Asian population than in the white population.
Limitations of the review
The results are not clear cut. The inconsistent results in the UK studies could be explained by the different mixes of Indians, Pakistanis and Bangladeshis in the sample and variations in methods used in different studies. These differences mean that between-study differences are not reliable and focus attention on within-study variations. The importance of heterogeneity among South Asian groups has long been emphasised but generally ignored. 18 Variations in South Asian subgroups are important especially in the context of cardiovascular diseases; risk factor profiles and disease outcomes differ too. 11 Heterogeneity among the UK ethnic groups study populations may be a general explanation for these inconsistent results from blood pressure and prevalence of hypertension studies.
Four studies had the most representative samples of the South Asian groups, 9, 11, 13, 14 the rest of the studies were based on specific locations such as general practitioner lists, [4] [5] [6] [7] 10 factories, 3,8 a combination of general practitioner lists and factories, 7 or civil servants. 12 These studies based on specific locations have potential problems of sample bias. For example, using a general practitioner list means that South Asians who were not registered were excluded.
Huge variations in methods of measurement of blood pressure limit the capacity to synthesise the data. For example, in six studies, participants' blood pressures were measured with a Hawksley random zero sphygmomanometer. [3] [4] [5] [6] [7] 9 In other studies, 13,14 a Dinamap 8100 monitor was used, which tends to provide higher systolic and lower diastolic blood pressure levels than mercury sphygmomanometer readings. 19, 20 Participants' blood pressures were measured in different locations. The readings analysed also varied. The estimated white coat hypertension ranges from 12 to 53% depending upon the population studied and definition used. 21, 22 It is difficult to account for the effect of white coat hypertension in each study. It is also not clear whether the effect of white coat hypertension differs in different ethnic groups. Differences in BMIs, age and sex further complicate interpretation of the findings of these studies.
Some studies [5] [6] [7] used country of birth as an indicator of ethnicity. This implies that many Indians, Pakistanis and Bangladeshis who were born in the UK were excluded.
Huge variations in study methods make it problematic for researchers to conduct a meta-analysis, which would require collecting the original data. It is a delicate judgement on whether such a task is feasible and worthwhile.
Discussion of the key results
The Newcastle Heart Project study and the 1999 Health Survey for England are the two studies that paid particular attention to the heterogeneity of the South Asian populations in the UK.
11,14
The Newcastle study found major differences among South Asian subgroups. Bangladeshi men and women had lower mean systolic and diastolic blood pressures than Indian and Pakistani men. Prevalence of hypertension was less common in Bangladeshis in both men and women than in Indian and Pakistani groups. 11 In the recent Health Survey for England 1999, similar findings emerged. Bangladeshi men and women had lower age-standardised mean systolic and diastolic blood pressures and a lower prevalence of hypertension than their Indian and Pakistani counterparts.
14 These two studies emphasise the importance of studying South Asian subgroups separately rather than combining them as one homogeneous group, which may make other studies misleading. For example, the McKeigue et al 7 study classified South Asian subgroups on the basis of language and religion. This study found significantly higher systolic blood pressure in Sikh (128 mmHg, N ¼ 731) and Punjabi Hindus (128 mmHg, N ¼ 159) than in Muslims (120 mmHg N ¼ 211) and Gujarati Hindus (122 mmHg, N ¼ 127). Despite these differences, they were combined as one group.
Higher blood pressure levels reported in the London area, as opposed to other cities outside London, may reflect different environmental risk factors experienced by ethnic groups living in different parts of the UK or perhaps, more likely, a different population mix. Current evidence 11, 14 shows that blood pressure levels are higher in people of Indian origin than of Pakistani and Bangladeshi origins. It is possible that London studies which reported higher blood pressure levels in South Asians might have consisted mainly of Indians. For example, the Cruickshank et al 6 23 reported blood pressure levels that were lower compared to white populations.
The studies that have a representative sample of the adult population reported lower or similar blood pressure levels in South Asian men compared to white men. 3, 8, 11, 13, 14 By contrast, most studies on older adults reported higher blood pressures [5] [6] [7] 10, 13 and higher prevalence rates 5, 6, 10, 13 in South Asian men than in white men. The Primatesta et al 12 study had a representative sample of both younger and older adult populations. The older South Asian men group had a higher blood pressure and a higher prevalence rate, but the younger South Asian men group had a lower mean systolic blood pressure and lower prevalence rate than white men. 12 This may reflect higher blood pressures and higher prevalence rates in the older South Asian men only, but not in the South Asian population as a whole.
A higher prevalence of hypertension was not always associated with higher blood pressure in that population. For example, the Miller et al 5 study reported a marked excess of hypertension in Indian men, but average blood pressure levels were similar in all ethnic groups. Again, in the Knight et al 8 study, the prevalence of hypertension was higher in Asian than non-Asian men, but systolic blood pressure was higher in non-Asians. The possible explanation for this is that either the percentage on antihypertensive treatment differs or the distribution of blood pressure is skewed. In the Miller et al 5 study, a larger number of Indians were on antihypertensive therapy compared to whites (Po0.05).
A lower mean systolic blood pressure but a higher mean diastolic blood pressure reported in South Asians in both men and women implies lower pulse pressure. Evidence on pulse pressure as a marker of cardiovascular risk is well established, especially coronary heart disease. 24, 25 This finding of lower pulse pressure in this review is in direct contrast with the evidence of higher coronary events in South Asian populations, particularly in Bangladeshis. 26 A meta-analysis of nine major prospective observation studies has shown an important association between increased blood pressure and stroke and coronary heart disease. 27 There are some problems in extrapolating these data to all ethnic groups, as it is unknown whether the physiological optimal level of blood pressure is the same in each group. 28 For example, it remains uncertain whether for a given level of blood pressure, South Asian populations will have a higher risk of death than white people. Findings from the St James Study in Trinidad showed that the attributable mortality after 8 years from a systolic blood pressure between 155 and 179 mmHg was 12.3 for Indian and 8.2 European men, and above 180 mmHg it was 22.8 and 15.1 deaths/1000 person year, respectively. 29 Bangladeshis have a lower mean systolic and diastolic blood pressure than Indians and Pakistanis, 11,14 but a higher mortality from stroke than their Indian and Pakistani counterparts. 26 These differences may be a result of an interaction between risk factors. Among South Asian subgroups, it may be that for a given level of blood pressure the Bangladeshis will have a higher risk of death than Indians or Pakistanis. These findings seem to suggest that the reporting of blood pressure and distributions is better than using arbitrary cutoff points.
In conclusion, blood pressure levels and prevalence of hypertension differ across groups. Some of the inconsistent results in the UK studies could be explained by the variations in methods of measurement of blood pressure and classifications of ethnic minority groups. Differences in age, sex and BMI also potentially confound findings. A growing proportion of people of Indian, Pakistani and Bangladeshi origin are UK born. There is therefore a strong case for epidemiological research among younger groups to examine blood pressure levels and prevalence of hypertension and how this pattern may be changing. Future research must recognize the various subgroups of South Asians and should be designed in such a way that data can be combined easily for future systematic reviews, eg, by standardising the way in which blood pressure is measured.
